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sively tested at Dahlgren beginning on December 3, 1943.

In September, 1943, the fast—implésion model was proposed
by John Von Neumann as an alternative to the slow implosion. As
it became clear that this model was a promising one, preliminary

planning for converting it into a bomb was begun. A preliminary

e e e e

estimate of 59 inches diameter and 9000-pound weight was made by
Von Neumann and Ramsey, and on this basis the Bureau of Stan-
dards bomb group was asked to design suifable fairing and stabilizing
fins for such a bomb. .
In the Fall of 1943 it became apparent that plans for full-scale
tests should be started. In view of the critical shortage of B-29's
it was first proposed that a British Lé.ncaster be used for the test
work, even though a B-29 would almost certainly be used as the com-
bat ship. The Air Force, however, wisely recommended that a B-29
be used for thé test work as well, both to avoid non-standard main-
tenance and to accumulate experience in B;29 operations with such
a bomb. In order that the aircraft modifications could begin, Parsons
and Ramsey selected two external shapes and weights as representa-
tive of the current plans at Site Y (Project.Y). One of these was 204
inches long with a maximum diameter of 23 inches and was a model
for the current gun assembly. The other was 11l inches long and 59
inches in diameter, corresponding to a fast-implosion assembly. For
security reasons, these were called by the Air Force representatives
" the "Thin Man'' and "Fat Man'", respectively; the Air Force officers
tried to make their phone conversations sound as though they were

modifying a plane to carry Roosevelt (the Thin Man) and Churchill
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(the Fat Man). Models to these dimensions were ordered from Detroit.
Modification of the first B-29 officially began November 29, 1943.
Colonel R. C. Wilson was Army Aifr Forces Project Officer for all
aspects of the program, Colonel D. L. Putt at Wright Field was in
charge of the division under whose supervision the rh'odiﬁcation was
done, and Captain R. L. Roark was Project Officér in charge of modi-
fication. ‘

Tests with the modified aircraft and full-scale dummy bombs
were begun at Muroc, California on March 3, 1944. Brode's fuzing
group, Bainbridge's instrumentation group, and the delivery group
participated in these tests. Coordination of the activities of the dif-
ferent groups in these and subsequent field tests was a responsibility
of Ramsey's delivery group. The purpose of the tests was to check
the suitability of the fuzing equipment, the stability and ballistic
characteristics of the bomb;, the facilities then available for field
work, and the sﬁitability of the aircraft to carry and drop the bombs.
After four weeks of delay, due to torrential rain on the Mojave Desert
and aircraft troubles, a series of tests was completed. The negative
results of most of these tests thoroughly justified preliminary tests at
such an early date. The fuzes proved to be unreliable and, on the
basis of these results, an investigation of the possibility of adapting an
AFS-13 fighter tail-warning radar to this use was begun. The Thin
Man proved to be very stable in its flight, but the Fat Man -- with a
tail that the Bureau of Standards bomb group thought would be extreme- )
ly stable --, proved to wobble badly with its axis departing 20° from
the line of flight. Although the B-29 release mechanism worked satis-
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factorily for the Fat Man, it failed completely for the Thin Man., Four
of the units were bad hang-ups with delays up to 10 seconds, and the
final drop was 20 minutes premature while the plane was still climbing -
to altitude. The bomb in this case fell onto the bomb-bay door which

was badly damaged, when the door had to be opened to jetti.soh the

bomb. With this accident, the first Muroc tests were brought to an

abrupt and spectacular end.

Between the end of the first tests and June 1944, all groups

worked to correct the faults demonstrated in the first tests.{ ‘

b3) .
lDetailed designihg of this shorter model was begun
'during this period under the supervision of E. M. McMillan and
F. A. Birch. Because of the contrast in dimensions with the Thin
Man, this'model finally a’c_g__qi_r,ei‘t'l}e appropriate name of Little Boy.
At the same time the detailed designing of the 1222 form of Fat Man
assembly was begun. !—, pOE
b(3)

Tests af lVAIVur’oc were resumed in June, 1944. These tests con-

firmed previous results in that the first form of fuze being developed -
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_ internal 45° baffle plates welded into the inside of the shroud as a

at Michigan was not SAtisfactory. The first two APS-13's became
available to Project Y during the test, and two haywire drop tests
(genuine baling wire was actually used) were made with a field adap-
tation of this equipment to fuzing. The earlier of these provided the
first completely satisfactory fuzing test; and, although the second
failed, it was probable that the failure was in some of the hastily
prepared auxiliary equipment. The Fat Man, its tail assembly modi-

fied from the original circular shroud to a square shroud 59 inches on
Adm Bshao

a side, still proved unstable. As a desperate last resort, Captain :
Saps dhyoe

David Semple, Project Bombardier, suggested a drop be made wiﬂx was  Preto
Su ﬂ-‘.q'o:n .
795

7/1//7_{
field modification. To everyone's surprise, this modification was

successful, the bomb being completely stable in its flight and the
ballistic coefficient being improved rather than decreased as antici-
pated. No release failures were experienced in the tests.

From the end of these tests untii‘ October, 1944 when similar
field tests were resumed, a strenuous program of design and pro-
curement was under way at Site Y to obtain units that could be used

as components of an actual atomic bomb rather than units that were

‘merely ballistic models. Three basically different models were

on hand at this time. One was the Little Boy model of the U235 gun

assembly, another was the 1222 Fat Man model of implosion assembly,
and the third was a model which evolved into the finally adopted 1561
Fat Man implosion assembly. The latter arose from a redesign for
the purposes of simplifying the assembly problem (the assembly of

1222 required the insertion of more than 1500 bolts) and of improving
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the flight characteristics (by using an ellipsoidal shape for the outer
armor). The model finally adopted comprised an inner spherical
shell, consisting of two polar caps and a segmented central zone )
which could be bolted together; this was surrounded by an ellipsoidal
armor to which a stabilizing tail, including the necessary drag plates,
was attached. The auxiliary fuzing and electrical detonating equip-
ment were mounted in the space between the inner sphere and the
outer ellipsoid. _
In August of 1943, Colonel R. C. Wilson and Colonel M. C.
Demler visitgd Site Y and recommended that the Air Forces begin
immediate training of a combat unit for the delivery of the atomic
bomb. It was agreed, therefore, that Site Y (by September 1, 1944)
should freeze the external shapes of the three models and other re- .
quirements aff ecting aircraft, so that modification of a production
‘lot of fifteen B-29's could be started. These aircraft were modified : i
at the Martin-Nebraska Plant at Omaha, and the first aircraft became |
available in October, 1944. Sheldon H. Dike and Milo M. Bolstad were
the Project Y representatives during these and subsequent modifica-
tions. The special modifications for carrying and releasing the bomb
were designed to incorporate the British F and G release mechanism
currently used for the British 12, 000-pound bomb. This mechanism
required only a single lug on the bomb. At this time, Wendover Army
Air Base, Wendover, Utah was designated as the center at which train-
ing of the new Atomic Bomb Group would be undertaken and at which
future field tests would be held. The Second Air Force under General
Uzel G. Ent, and later under General Robert B. Williams, was desig- -

nated as the parent organization of this group. Colonel Paul W. Tibbets
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with an X-unit), and greatly complicated the scheduliné of tests since
there was at no time a backlog of X-units. The tightness of schedule
resulting from this is best illustrated by the fact that it was not until
the end of July that sufficient X-units had been tested to confirm their
safety with HE; the first HE-filled Fat Man with an X-unit was tested
at Wendover on August 4, 1945; the next HE-filled Fat Man with an

X -unit was tested at Tinian on August 8, 1945; and the first complete
Fat Man with active material was dropped on Nagésaki on August 9,
1945. Despite these difficulties, however, a total of 155 test units
was dropped at Wendover or the Salton Sea between October and the
middle of August 1945. Much information gathered in these tests were
incorporated into the design of the bombs. -

Planning for overseas operations was one of the principal ac-
tivities of Project'A during this period. Initial planning and procure-
ment of some kits of tools, etc., began in December, with these ac-
tivities continuing at an accelerated rate through July. In February
of 1945 Commander F. L. Ashworth was sent to Tinian to make a
'preliminary survey of the location and to select a site for our activi-
ties. By March, the construction needs for the Tinian Base were ,
frozen as follows: four air-conditioned 20' x 48' steel rib buildings of
the type normally used in th’e Navy for bomb-sight repair (two for the
fuzing team, one for the electrical-detonator team, and one for joint
use by the pit tearn and observation team), three air-conditioned 20!

x 70' assembly buildings for which the materials were accurmnulated at
Inyokern, five 40' x 100' steel arch rib warehouse buildings, one build-

ing of the same type house as a modification shop, three 10' x 10' x 5!

b
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magazines, seven 20' x 50' x 10' magazines, and two special loading
pits equipped with hydraulic lifts for loading bombs into the airt;raft-
A third such pit was constructed at Iwo Jima for possible emergency
use. Materials for equipping the buildings and for handling heavy
equipment in assembly, tools, scientific instruments, .and general
supplies, were all included in special kits prepared by the different
groups. A kit for a central stock room was also started, but the ma-
terials were not shipped by August 4, 1945 (at which time further ship-
ments to Tinian were stopped by the end of the war). Construction of
the Tinian base began in April under the supervision of Colonel E. E.
Kirkpatrick.

" Beginning in May, so-called "batches" of kit materials and of
components for test and combat units were transported by ship to
Tinian. A total of five batch shipments were made. In addition, a
number of air shipments in five C-54 aircraft attached to the 509th
Group was made for critically needed items. The availability of these
C-54's for emergency shipments contributed greatly to the ability of

Project A to meet its schedules in combat use of the atomic bomb.
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CHAPTER 2

DESIGN AND ASSEMBLY OF PIT FOR MODEL 1561 FAT

MAN *

~ M. G. Holloway and R. E. Schreiber
2.1 THE PIT

This chapter describes the design and assembly of the Pit, the

respon-sibilﬂ_:y for which was primarily assigned to the G-Engineer

Group.

—

The general arrangement and appearance of these paf

. in Figure 1.

T T e

ts is shown

* This Chapter was previously issued as LA 619(1946)
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The lens charge was lowered into position in the same manner
as the inner charge, and produced no observable change in the count-

ing rat e] 1

The mock=-fission source was then removed.

lm. B J With the

——
paraffin sheath removed, the counting rate was so low that no good

measure could be made of it in the time available. The time was then
1745 hours.

The Explosives Group removed the modified polar cap and re-
placed it with the standard polar cap. After the cap was bolted down,
the piano wire was removed from the hypodermic (which now protru-
ded through a small hole in the polar cap). At 1807 hours, a manga-
nese alloy wire was inserted into the hypoaermic. The work of the
G-Engineers Group was now almost finished.

Five manganese activations were made before the shot. The last
any member of the G-Engineers Group saw of the gadget was at 1626,
15 July 1945, when the final activated manganese wire was removed
from the gadget on top of the tower.

On 14 July, the G-Engineer Group packed their equipment at
McDonald's ranch and loaded it into a truck for removal to the base

camp.

o
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CHAPTER 3

MECHANICAL DESIGN OF MODEL 1561 FAT MAN

A. H. Machen

3.1 INTRODUCTION

This Chapter is concerned with the design of the case, the
equipment supports, the lugs, and other external parts of the 1561
model Fat Man. The design of the pit containing the active material
for Ithis bomb is discussed in the preceding chapter of this Volume;
and the design of the high-explosive components is discussed in
Volume XI of the Los Alamos Technical Series.

Figure 1 is an artist's drawing of an early form of the Fat Man
model. From that Figure, it can be seen that the model consisted
essentially of a large sphere containing the explosives and active
material, mounting provisions for auxiliary electronic equipment, an
outer armor steel cover, lift lug, and a stabilizing tail assembly. '
This Chapter will discuss these components of the assembly. A
collection of the mechanical drawings of the final form of the 1561
model Fat Man that was used in. combat may be found in LA-392.

3.2 DESIGN OF THE SPHERE
Design of the sphere was started with the following specifications:

(1)

(2) A size within the limits of the bomb bay of a B-29

L34

.
be
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airplane with a fall angle of five degrees;
(3) Provision of detonation holes for more than one
detonation paftern.
The first model was the 1222 (Figure 2). Its spherical case was di-
vided by great circles into twelve equal pentagons bolted together by
edge flanges; machining these pentagons to a close enbugh tolerance
to permit bolting-up into a complete sphere turned out to be highly

impractical. DOE
b(3)

This model was further complicatéd by a steel case consisting of twenty
triangles secured to the sphere by some eleven hundred bolts screwed

into holes radially drilled and tapped into the flanges of the pentagon.

A steel lift-lug pad, designed to distribute the lug load out into the

spherical case, was provided and secured to the sphere at.the apex

of the top five pentagons. ' - Do€E

i 5(3)

A complete departure from the 1222 pentagon structure was
made in the 1291 model (Figure 3) using the same polar cap and belt-
band design that was used in the final model.’ ~The 1291 model consisted
of three spherical zone segme‘n'ts bolted together by 18 bolts screwing
into tapped flanges to form a belt section of the sphere. The sphere
was completed by two polar caps bolted to the tapped flanges of the
. belt section. | J}O =4

b
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staked into holes drilled in the case for fast, easy mounting of the

110 wire harness clips necessary to hold the coaxial detonator cables

-

- (Figure 5).
3.3 MOUNTING OF ELECTRONIC INSTRUMENTS

'i‘he mounting of the instruments in the early stages of 1222
design presented few problems. Eor example, the firing circuit was
a small box weighing a few pounds,. whereas the final unit was a cast
dural tub, weighing about 300 pounds. All of the instruments of this
first unit were supported on a single tubular mount attached to the aft
side of the sphere (Figure 6), and it was not until after the start of
the 1560 model that any of the instruments were placed forward of the
sphere. By this time, all the space within the ellipsoidal covers,
fore and aft, was occupied by firing and fuzing circuits. The tubular
mounting brackets were used fore and aft on the 1222, but discardeld;
on the 1560. A dural cone was designed that would tie into the polar
cap bolts, supporting the 300-pound firing circuit box in {front and a
panel of fuzing instruments aft without dang‘.er of vibration. j:Fast,
accurate assembly was kept in mind throughout this design; although
the bomb could be a hand-tailored job in most respects, kspeed was
very important in the assembly of the hot model.

A mounting plate was provided for the firing-circuit charging
equipment. This plate, mounted ‘in the nose of the front ellipsoid,
was accessible through the removable nose plate, and provided a
means of battery installation after assembly of the bomb (Figure 7).
All instrument plates required constant attention, since changes and

rearranging of parts made new layouts necessary to check clearances

UNCLASSIFIED
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CHAPTER 4

ASSEMBLY OF THE 1561 FAT MAN

V. A. Miller

4.1 INTRODUCTION

This Chapter is devoted to a history of the -development of
buildings, equipment and procedures for the assembly of the 1561 Fat
Man bomb. Since that bomb was an entirely new type, no standard
equipment or operation procedures were available; consequently,
buildings and equipment had to be developed as a result of problems
and experience encountered in the early stages of the bomb design.
This Chapter will discuss the design of assembly buildings, the supply
problems for Wendover and the overseas destination, assembly hand-

ling equipment, and the transportation of the bomb.

4.2 BUILDING DEVELOPMENT

The original assembly building at Wendover was a Butler building,
40 by 80 feet. It was equipped with two l-ton chain hoists and two 6-ton
chain hoists. The building had an addition approximately 15 by 15 feet
with a 6-ton traveling hoist on one end that was closed off from the other
portion of the building and used as a paint shop and delivery room of
completed test models. This building was not air-conditioned and
since it was also used as a modification building, it was very inade-
quate for the construction of any but concrete bomb models. The
building was used until April of 1945 when a building was completed for

assembling HE models.

v
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CHAPTER 5

-

ATOMIC-BOMB PROJECT AIRCRAFT

S. H. Dike

5.1 AIRCRAFT USED FOR ATOMIC-BOMB DELIVERY

The first bomb dropped in connection with this project was re-
leased from a TBF at Dahlgren Naval Proving Ground, Virginia, on
August 13, 1943. This test, witnessed by N. F. Ramsey, was for
‘ballistic data only. The first drop made in connection with fuze re-
search was made from an SNB-1 (AT -11) at Dahlgren on December 3,
1943.

In the early days, several types of aircraft were considered
for carrying the atomic bomb. The shape of the bomb then was very
different from either of the two final types. The British Lancaster
and our own B-29 were the two planes most seriously considered
for the final delivery job. In the early summer of 1943, the B-29
was a new airplane; its performance was still more or less unknown
and production rates were not definitely planned.

It was decided in November, 1943, to modify a B-29 at Wright
Field for project use. Accordingly B-29 No. 42-6259 was procured.
This was the 69th Wichita production airplane.

At that time, there were two distinct types of bombs which
Project Y wished to drop. These were known as the '"Fat Man"
(Figure 1) and the '""Thin Man'' (Figure 2). The "Thin Man'' became

obsolete later in the program and evolved into the ''Little Boy''.
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The first ""Fat Man" shape wﬁs changed considerably, but overall ex-
ternal dimensions remained about the same.

During December, 1943 and January, 1944, the necessary modi-
fications were made at Wright Field under the Superviréibn of Major
(then Captain) R. L. Roark. A large part of the mechanical-engineering
design was done by Mr. Charles Speer, a civilian Engineer at Wright
Field. The crew assigned to the B-29 included Major C. S. Shields,
(pilot) and Captain Dave Semple, (Bombardier). Captain Semple fol-
l.owed the modifications concerning the release and bombing 'éircu.its.

The modifications of the first B-29 included: changes in the
bomb doors; installation of a carrier frame, sway-bracing; and re-=
lease for the Fat Man'bomb model; installation of release and sway-
bracing for the Thin Man bomb model; and installation of the special
wiring circuits required by the Fuzing Group. .Several Eyemo Cameras
were installed in the bomb bay for photographing the release and ini-
tial bomb flights. The release used was a inodifiéation of a standard
glider tow release; two of these, tied together mechanically, were
used. The bombs were fitted with two. suspension lﬁgs.

The modifications were completed in' early February, 1944, and
the B-29 was flown to Muroc Army Air Base, California, to undergo
the first series of tests, arriving there February 20', 1944, Two test
drops were made on February 28 with standard inert bombs for ground
crew camera practice. The first drop of the Thin Man model bomb
from a B-29 was made on March 3, 1944.

Failures in the bomb-release system occurred during the first

series of tests. It was erroneously believed that, once the toggle of

UN CLASEL =k
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the glider tow release was pulléd past dead center, the weight of the
bomb would open the release. This was later proven not to be the
case. In order to effect proper release, sufficient force must be
applied to actually pull apart the jaws of the release. The insufficient ‘
spring force provided in the early tests led to rei.)eated hangups of
several seconds in the release. It was at first thought that the firing
solenoid was not operating properly. Various remedies were attempt-
ed. On one occasion the cable operating the release was tied to a
length of pipe fastened to a standard B-7 shackle. During that test,
either the nut on the stud holding the cable to the length of pipe backed
off due to vibration or the differential contraction between the aircraft
and the cable (due to temperature) allowed sufficient slack to occur
- in the cable so that premature release took place at 24, 000 feet while

stili climbing to the desired altitude. The unit fell on the bomb doors.
The doors were then opened and the bomb tore free, considerably
damaging the doors. A landing with the doors open was made at Saﬁ
Bernardino Air Depot where the damaged doors were forced closed
and a sheet of aluminum riveted across to hold them. The ship re-
turned to Muroc and soon after flew to Wright Field for repairs. Thus
ended the first series of tests.

New doors and three new engines were installed at Wright Field.
The fault with the release system was found and installation corrected.
Several releases were made on the ground.

The second series of tests was made at Muroc in June, 1944.

No malfunction of the release system occurred, with the exception of

" a grounded bomb-door safety switch on one mission. This caused the
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bombing-circuit fuses to blow. Attempt was made to replace the

fuses in the bomb bay in flight but they would not stay. It was neces- .
sary to bring the unit home and land. An unfused by-pass circuit a-
round the door safety-switches was then installed, which circuit could
be closed by means of a switch should the door switch failure occur

in the future. The door switch installation on the early aircraft was
poorly designed. It is believed no failures of door switches ever
occurred in subsequent project aircraft where the door switch instal-
lation was considerably improved. However the by-pass circuit was
included in the first group of project B-29's, and in the second group,
which was used overseas, the bombing circuit was permanently wired
around the door safety-switches.

After the June, 1944, tests it was learned that the weight of the
final unit might be considerably greater than w#s at first thought. It
was decided to use a more substantial release. In a meeting at Wright
Field, Colonel Butler promoted the British type F release with the type..
G attachment; that release was accepted by the Project and its instal-
lation was started in the B-29 presently in use.

During a visit to the Project in August, 1944, by Colonels Wilson
and Demler, it was decided that additional aircraft should be modified
for use. Accordingly, Mr. Charles Speer was sent to the Glenn L.
Martin-Nebraska Company, Omaha, Nebraska, to supervise the pre-
paration of the engineering on the modifications required. S. H. Dike
represented the Project at Omaha and engineered the special wiring
and other adciitional provisions. The first modified aircraft was 42- .

652 09; 17 aircraft were modified in all. : -

UNCLASSIFIED
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Figure 3 was for the F. M. bomb shape. For the Little Boy bomb, a , )
different release mount was used. This mount was bolted to the lower
side of the iongitudinal beams. The Little Boy release mount is shdwn
in position in Figure 4. This carrier frame was staticélly tested to

(1). 1

two thirds of 7g vertically, 3g longitudinally and 2g laterally na

) :
( )Glenn L. Martin-Nebraska Company Report E. L. R. Number N-5l11.

vertical load to test destruction the carrier failed at 62, 000 pou.ndé.
Failure occurred in a gusset plate at the junction of the longitudinal
and lateral beams. The gusset was redesigned and the destruction
test repeated on the revised carrier. Failure occurred in the revised
carrier at 85,000 pounds. It should be noted, however, that before -
this revision became effective, five aircraft were delivered with the
weaker carrier; these were 42-65384 thru 387 and 44-27295. (See
Glenn L. Martin-Nebraska Company Report E. L. R. Number N-12 for
complete stress analysis of carrier and release mount.) (See Glenn
L. Martin-Nebraska Company Drawing Numbers A-315 Change C,
A-376 Change C, A-407 Chan‘ge C, A-302 Change B, A-339 Change D
and A-421 Change B for further details of carrier and release mounts. )
(2) Rework of Tunnel

In order to realize sufficient clearances, it was necessary
to cut out part of the tunnel above the carrier for installation of the
release. This rework of the tunnel is shown in Figure 5. A plastic
window and two hand holes, fitted with removable plugs were made a /]

part of this rework, and were installed for use in extreme emergency .
§ 4 ; UNCLASSIFIED
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5.2-5 Mechanical Bornb Release Controls

. Two levers were provided: One lever disengaged the release
' , safety latch; the other operated thé mechanical release lever on the
Type F mechanism. Both cables were tube protected and ran down
opposite sides of the bomb bay, and were termipated under spring
tension in the box shown in Figure 1l1. Cables with adjustable slack
were connected at this point and ran to the release and to‘ the safety

latch release sear.

5.2-6 Provision for Special Observational Equiprnént

(1) Special Antenna

The special antenna was used with the ARR-5 radio receiver
insfallation and consisted of a removable quarter-wave rod. When in
place, the antenna rod pi--ojected from the underside of the f_uselage

- - in the radar compartment; when not in use the antenna was stowed
- along -the roof and a plug was placed in the hole. The installation
was pressure tight. (See Drawing Number A-138 Sheet 1A.)

(2) Photocell installation '

This consisted of a pressure tight plastic window in the
underside of the radar compartment. A photocell was mounted in
the plastic window and connected to Junction Box Number 3. This
B provision was never used and was later deleted.

(3) Equipment rack installation
The equipment rack housed the ARR-5 receiver and other
equipment used by the airborne measurements group. An.additional
shelf was added overseas as a field modification. Junction Box Num-

ber 3 was mounted at the forward side of this rack.
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CHAPTER 6 -

HISTORY OF PROJECT A AT TINIAN

by
N. F. Ramsey
6.1 INTRODUCTION

The Project A organization at Tinian consisted of the following:

Officer-in-Charge, Commodore W. S. Parsons USN; Scientific
and Technical Deputy to Officer-in-Charge, N. F. Ramsey; Opera-
tions Officer and Military Alternate to Officer-in-Charge, Command-
er F. L. Ashworth, USN; Fat Man Assembly T.eam headed by Roger
S. Warner Jr.; Little Boy Assembly Team headed by Commander
Francis A. Birch, USNR; Fuzing Team headed by E. B, Doll; Eiec-—
trical Detonator Team headed by Lt. Commander E. C. Stevenson,
USNR; Pit Team headed by Phillip Morrison and C. P. Baker; Ob-
servation Team headed by Luis W. Alvarez and Bernard Waldman;
Aircraft Ordnance Team headed by Sheldon H. Dike; and Special
‘Consultants consisting of Robert Serber, W. G. Penney and Captain
J. F. Nolan, AUS. The team leaders formed a Project Technical
Committee under the chairmanship of Ramsey to coordinate techni-
cal matters and to recommend technical actions to Captain Parsons.

The following persons were team members:

~Agnew, Harold Brin, Raymond, T/Sgt.
Anderson, David L., Ensign Caleca, Vincent, T/Sgt.
‘Bederson, Ben B., T/5 Camac, Morton, T/Sgt.
Bolstad, Milo M. Carlson, Edward G., T/Sgt.

L]
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:

Collins, Arthur,T/4 " Miller, Victor A.,Lt. (j.g.)
Dawson, Robert,T/Sgt. Motechko, L. L.,T/3
Fortine, Frank J.,T/Sgt. Murphy, William L.,T/Sgt.

Goodman, Walter,T/3 Nooker, Eugene L.,T/Sgt.

Harms, Donald C.,T/3 Olmstead,@T. H.
Hopper, J. D.,Lt. O'Keefe, Gernard J., Ensign
Kupferberg, J.,T/Sgt. "Max Perlman, Ted

Johnston, Lawrence H. Prohs, Wesley R.,Ensign

Langer, Lawrence M. Reynolds, George , Ensign

Larkin, William J.,T/Sgt. Russ, Harlow W,
Linschitz, Henry Schreiber, R. E.
Machen, Arthur B. Thorton, Gunnar, T/Sgt.

Mastick, Donald,Ensign Tucker, J. L., Ensign

Matthews, Robert P.,T/3 ‘ Zimmerli, Fred, T/4
Although not strictly members of Project A, the following were closely
associated with the work of the Project: Rear Admiral W. R. Purnell,
USN, representative of the Atomic Bomb Military Policy Committee;
Brig. General T. F. Farrell., representative of Major General L. R.
Groves; Colonel E. E. Kirkpatrick, alternate to General Farrell and
the Officer in Charge of Construction; Colonel P. W. Tibbets, Com-
manding Officer of the 509th Composite Group; Lt. Colonel Peer de
Silva, Commanding Officer of the First Technical Service Detachment,
which served as administrative, security and housing organization for
Project A; and Major Charles Begg, Commanding Officer of the First
Ordnance Squadron, Special.

Although preliminary construction at Tinian began in April, 1945,

148

UNCLASSIFIED

v




* UNCLASSIFIED

intensified technical activities were not started until July. The
first half of July was occupied with establishing and installing all of
the technical facilities needed for’assembly and test work at Tinian.
After completion of these technical preparations, a Little Boy unit
was assembled and, with thedropping of unit L.l on July 23, the Tinian
base became fully operational for Little Boy tests. In the first test,
a dummy Little Boy was fired in the air by radar fuze. Here, as in
subsequent Tinian tests, excellent results were obtained. The se-
cond Little Boy, Unit L2, was dropped on July 24, and a third, Unit
L5, on July 25. The only remaining phase of the Little Boy mission,
and included as part of the test, was a check of facilities at Iwo Jima
for emergency reloading of the bomb into anoth'er aircraft. Since the
Iwo Jima facilities were not ready until July 29, this test was post=~
poned until then. Oﬁ July 29 a completely successful test of the Iwo
Jima facilities was completed. The plane landed with the L6 Unit at
Tinian so that it coud be used in the final rehearsal maneuvers. On
July 31 the plane with the L6 took off accompanied by two observa-
tion planes. The planes flew to Iwo Jirﬁa where a rendezvous was
made, and then returned to Tinian where the bomb was dropped and
observed to function properly. After the release of the bomb all
three aircraft rehearsed the turning maneuvers. which would be used
in combat. With the completion of this test, all tests preliminary to
combat delivery of a Little Boy with active material were completed.
The {first Fat Man test, unit F13, was made on August 1, 1945,
This unit used cast plaster blocks, electronic fuzing, eight electric

detonators, Raytheon detonating unit and informers and smoke puffs
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on the operation of the detonators. The test showed that all essen-
tial components of the bomb functioned satisfactorily. A second inert
Fat Man, FI8, similar to F13, was prepared and loaded into a B-29
for drop on August 3. However, due to lack of information at Tinian
of the results of the Wendover tests on the adequacy of the venting in
the sealed Fat Man, the unit was unloaded and the barometric switches
modified so that this information would be obtained on unit Fl8. In
its modified form the F18 unit was dropped on August 5. All compo-~
nents functioned satisfactorily and the venting was adequate for the in-
ternal pressure to close a barometric switch set for 17, 000 feet pres-
sure altitude 17 seconds before impact. The only remaining prelimi-
nary Fat Man test was unit F33, a replica of the active unit, except
for the lack of active material and the use of lower quality high explo-
sive lens castings. The components for the F33 unit arrived at Tinian
at 1230 on August 2 and preliminary assembly was begun the same day.
Although the F33 unit was fully assembled by August 5, it was not
dropped until August 8 due to absen ce of key crews and aircraft on the
final Little Boy mission. A test was then conducted as a final re-
hearsal for the delivery of the first live Fat Mé.n. Both the rehearsal
operation and the detonation of the unit were completely satisfactory.
On'July 26, the UZ35 projectile for the Little Boy was delivered
by the cruiser INDIANAPOLIS. The UZ35 target insert arrived in
three separate parts in three, otherwise empty, Air Transport Com-
mand C-54's during the évening of July 28 to 29. All three had
arrived by 0200 July 29. Since the earliest date previously discussed

for combat delivery of the Fat Man was August 5 (at one time the
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official date was August 15). Parsons and Ramsey cabled General
Groves for permission to drop the first active unit perhaps as early
as August 1, with August 2 being more probable since poor weather
was forecast for August 1.

Although the active Little Boy unit, No. Lll, was completely
ready in plenty of time for an August 2 delivery, the weather was un-
favorable. The first, second, third, and fourth of August were spent
in impatient waiting for good weather. Finally, on the morning of
August 5 word was received that the weather should be good on August
6. At 1400 on August 5 General Lemay officially confirmed that the
mission would take place on August 6.

The Little Boy was ioaded onto its transporting trailer at 1400
on August 5 and, with an accompanying battery of photographers,
was taken to the loading pit. The B~29 was backed over the pit at
1500 and the L1l uhit loaded shortly thereafter. The aircraft was
then taxied to its hard stand where final testing.of the unit was
completed. By 1800 all was ready. Between then and take-off, the
aircraft was under continuous watch both by a military guard and by
representatives of the key technical groups. |

Final briefing was at 0000 of August 6. Following this, and an
early breakfast, the crews assembled at their aircraft. There, amid
brilliant floodlights, pictures were taken and retaken by still and
motion picture photographers (as though for a Hollywood premiere).
For the mission Colonel P. W. Tibbets was pilot of the B-29 (named
the Enola Gay) which carried the bomb, Major Thomas Ferebee was
bombafdier, Captain W. S Parsons was bomb commander, and Lt.

Morris Jepson was electronics test officer for the bomb. L. Alvarez,
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Bernard Waldman, Harold Agnew and Larry Johnston rode in the
accompanying observation aircraft. -
| The progress of the mission is best described in the log which
Captain Parsons kept during the flight:
Captain Parsons' log:
August 6, 1945
0245 Take off
0300 Started final loading of gun
0315 Finished loading
0605 Héaded for Empire from Iwo Jima
0730 Red plugs in (these plugs armed the bomb so it
would detonate if released) -

0741 Started climb

Weather report received that weather over primary .

~and tertiarjr targets was good but not over second-

ary target. _
0838  Leveled off at 32,700 feet oy $roca’ True
0847 ° All Archies (electronic fuzes) tested to be O.K.
0904 Course west
0909 Target (Hiroshima) in sight ’
0915 1/2 Dropped bomb (originally scheduled time was 0915)
| Flash followed by two siaps. on plane. Huge cloud.

1000 Still in sight of cloud which must be over 40, 000

high
1003 Fighter reported oo
1041 Lost sight of cloud 363 miles from Hiroshima with - -

the aircraft being 26, 000 feet high. 23w To
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The crews of the strike and observation aircraft reported that
5 minutes after release a lc‘);,v 3 fnile diameter dark grey cloud hung
over the center of Hirdshima, out of the center of this a white cblumn
of smoke rose to a height of 35, 000 feet with the top of the cloud being
considerably enlarged.

; Four hours after the strike, photo-reconnaissance planes found
that most of the city of Hiroshima was still obscured by the cloud
created by the explosion although fires could be seen around the
edges. The following day excellent pictures were obtained showing
the tremendous magnitude of the power of a single atomic bdmb, which
completely destroyed 60 percent of the city of Hiroshima.

The first Fat Man with active material, unit F31, was 6rigina11y
scheduled for dropping on August 1l local time (at one time the sché-
dule called for August 20), However, by August 7 it became apparent
that the schedule could be advanced to August 10. When Parsons and
Ramsey proposed this change to Tibbets, .he expressed regret that |
the schedule could not be advanced two days instead of only one since
good weather was forecast for August 9 and the five succeeding days
were expected. to be bad. It was finally agreed that Project A would
try to be ready for August 9 provided all concerned understood that
the advancement of the date by two full days introduced a large mea-
sure of uncertainty into the probability of meeting such a drastically
revised schedule, However, all went well with the assembly and by
2200 of August 8 the unit was loaded and fully checked.

The strike plane and two observing planes took off at 0347 local

time on August 9. Major C. W. Sweeney was pilot of the stirike ship,

13
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Captain K. K. Beahan was bombardier, Commander F. L. Ashworth

was bomb Commander, and Lt. Philip Bafnes was electronics test

Officer. This mission was as eventful as the Hiroshima mission was

operationally routine. | N

Due to bad weather between Tinian and Iwo Jima, a preliminary

rendezvous was not planned for three aircraft at Iwo Jima, and in-

stead, the briefed route to the Japanese Empire was from Tinian

direct to Yakoshima or Kyushu. The briefed cruising altitude was

17, 000 feet. Commander Ashworth's log for the trip is as follows:

Commander Ashworth's log:

0347
0400
0500

0900

0920
0950

Take off

Changed green plugs to red prior to pressurizing
Charged detonator condénsers to test leakage.
Satisfactory.

Arrived rendezvous point at Yakoshima and cir-

‘cled awaiting accompanying aircraft.

One B-29 sighted and joined in formation
Departed from Yakoshima proceeding to primary
target Kokura having failed to rendezvous with
second B-29. The weather reports received by
radio indicated good weather at Kokura (3/10 low
clouds, no intermediate or high clouds, and fore-
cast of improving conditions). The weather re-
ports for Nagasaki were good but increasing
cloudiness was forecast. For this reason the

primary target was selected.
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o
. ) 1044 Arrived initial point and started run on target.
[ Target. was obscured by heavy ground haze and
> . smoke. Two additiénal runs were made hoping
’ that the target might be picked up after closer ob-
servation. However, at no time was the aiming
point seen. It was then decided to proceed to
. Nagasaki; approximately 45 minutes spent in the
primary target area.
1150 Arrived in Nagasaki target area. Approach to
target was entirely by radar. At 1158 the bomb
. was dropped after a twenty second visual bombing
run. The bomb functioned normally in all respects.
. 1205 Departed for Okinawa after having circled smoke
Sy : column, Lack of available gasoline caused by an
o inoperative bomb tank booster pump forced deci-
» sion to land at Okinawa before returhing to Tinian,
1351 Landed at Yontan Field, Okinawa
1706 Departed Okinawa for Tinian
2245 Landed at Tinian
'Due to bad weather, good photo-reconnaissance pictures were
not obtained until almost a week after the Nagasaki mission. These
showed that the bomb detonated somewhat north of the Mitsubishi
Steel and Arm Works. All other factories and buildings on the Ura-
kami River from the Nakajima Gawa River through the Mitsubishi
Urakami Ordnance Plant were destroyed. The distance from the
. northernmost factory that was destroyed to the southern boundary of
- :
* .-

155 e

' UNCLASSIFIED




' UNCLASSIFIED

_ &
pletely different model and one much more difficult to assemble. The 4
success of the combaf use of the atomic bomb is best summarized by ~
the fact that Japan began surrender negotiations four days after the use
of the first atomic bomb. .
-
-
~‘- >
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Assumptions

Understand Basic Concepts For:

349

Detonators

o Initiation Requirements
o Fuzing

o Safety

o Use Control

o]

Implementation of Concepts Will Be
Described as Part of This Session
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_u_oEm_. Supplies

- Battery Technologies
- Evolution of Battery Development
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Nomenclature

_u_zsmi - Life ends upon discharge

Examples: Zinc-Carbon - Flashlight

Alkaline Manganese - Flashlight

Zinc-Silver Oxide - Missile guidance system
- Sandia JTA

Lithium - High energy density applications (such as nuclear weapons)

s Examples: Lead-Acid - Automobile

M Nickel-Cadmium - Portable appliances
- T Sandia PAT Contallers
e

O.Q Iron-Nickel - Electric vehicles

=

3

Zinc-Silver Oxide - Portable military equipment
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Nomenclature

Dry Cells - Aqueous electrolyte has been

immobilized by use of gelling
agents

Solid State

Cells - Solid electrolyte has conductance
wholly due to ionic motion with
solid lattice
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Nomenclature

Reserve Battery - Any battery which will not deliver current
until activated, e.g., by adding electrolyte
or melting electrolyte

Thermal Battery - A reserve battery activated by raising the
temperature to melt the electrolyte, which

?u is a salt mixture - used extensively in

maw nuclear weapons m
> .
ﬁm Depolarizer Pad - The active cathode material which is reduced ﬂ

» electrochemically during battery discharge =

- -,
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Nuclear Weapon Batteries

Little Boy NT—6 Lead Acid 1945
'Fat Man ER—12 Lead Acid

MK 4,5,6,7 MC193 Nickel—Cadmium 1953
MK 12 MC271 Silver—Zinc

MK 15 MC473 Thermal Ca—CaCrO, 1955
Muitiple Multiple Thermal Li—FeS, 1970’s
All New Designs Thermal Li—FeS, Present

zo.__.m" JTA’s, controllers, and support equipment may utilize designs
other than thermal batteries :
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Electro—chemical

Battery Technologies

b ]
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Storage
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Reactions
Ca/CaCr0,

e Electrochemical:

Anode — Ca W.Hvoo_.mmlv Ca2¥(double mo_c,_\+ 2e- )

Cathode — CrO.™ + 3e-—s(soluble -1*_ CagCr 0,SiCl,,
intermediates) Li Ca yCro,

Li Cr 0, m
.l | . 2
3 e Identifiable Side Reactions: >
£ 4Ca + Si0,—$2Ca0 + Ca,Si + (~660 cal,/q) 2
& 3Ca + 2CaCr0, + 2LiCl—s 2Ca.Cro Ol + Cali_ + —
AN 1770 cal/q) -,
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NEW PELLETIZED CELL

(-)
ANODE

+

CATHODE

ELECTROLYTE +

BINDER

SOLID AT 550°C
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ANODE
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ELECTROLYTE
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|

2
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Nuclear Targeting

e Through intelligence data, the targets have a
vulnerability number associated with it that allows the

DoD to assign a weapon.

e Vulnerability Number (VN)
XXPA XXQA

First 2 digits are related to the amount of pressure:
— P = over pressure (smash)

Mwm — Q = dynamic pressure (winds)
ﬁw — A = adjustment for yield (tables geared to 20 KT)
P A typical VN:

o Airfield = 12 PO ~ 10 psi

P

P!

e

oy

!

=1

o
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Cast explosives: names and formulations.

Formulation (wt%)®

Explosive* _TNT RDX Other ingredients
Baratol 24 Ba(NO,), 76
Boracitol 40 Boric Acid 60
*Comp B, Grade A° 36 63 Wax 1
Comp B-3 40 - 60
*Cyclotol* 25 75
H-6 : 30 45 Wax 5
Al 20
Cacl, 0.5
*Octol 25 HMX 75 —
'® *Pentolite? 50 PETN 50 Z,
- | P
- Tritonal 80 Al 20 =
o> :
() *Properties of materials marked with asterisks are summarized in data sheets (Section IV). 2
i *The weight percent values given in the table are nominal and subject to some variation. P ]
Tﬂ _ “Comp B, Grade A is formulated as a 60/40 RDX/TNT mixture, but high-quality castings usually are higher in RDX bt
e | content due to the removal of a TNT-rich section at the top of the casting. TL.ru
W,u “There are several cyclotols and pentoiites. The most common cyclotol is RDX/TNT 75/25. The most common —
FM& pentolite is PETN/TNT 50/50. -~
— : ﬂJ




Plastic-bonded explosives: Names and formulations.

Explosive*
*LX-04-1
*LX-07-2

*LX-09-0

LX-09-1

*LX-10-0
LX-10-1
*LX-11-0

*LX-14-0

*PBX-9007

Other ingredients

PBHV-85/15

RX-04-BA

RX-09-CB

RX-04-DE

RX-04-PI

PBX-9007 Type B

Formulation
Ingredient wt%
HMX 85
Viton A 15
HMX 90
Viton A 10
HMX 93
pDNPA 46
FEFO 24
HMX 93.3
pDNPA 4.4
FEFO 23
HMX 95
Viton A 5
HMX 94,5
Viton A 45
HMX 80
Viton A 20
HMX 95.5
Estane
5702-FI
RDX 90
Polystyrene 9.1
Di(2-ethyl-
hexyl)- 0.5

phthalate

Color
Yellow
Orange

Purple

Purple

Blue-green spots
on white
Blue-green spots
on white

White

Violet spots

on white

4.5

White or mottled

- gray®
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Plastic-bonded explosives: Names and formulations. (cont.)

*PBX-9010

*PBX-9011

*PBX-9205

*PBX-9404

*PBX-9407

*PBX-9501

PBX-9502
LX-17

X-0008

PBX-9404-03

Formulation

Rosin

RDX

Kel-F

HMX
Estane
5740-X2
RDX
Polystyrene
Di(2-ethyl-
hexyl)-
phthalate
HMX

NC (12.0% N)
Tris (B-chloro-
ehtyl)-
phosphate
RDX

Exon 461
HMX
Estane
BDNPA
BDNPF
TATB

TATB

0.4
90
10
90

92

3
94

95
25
1.25
1.25
.05 Kel F
.075 Kel F

White

Off-white

White

White or blue

White or black®
6
White

AEIHISSVION(
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LEAD AZIDE
Pb Ng
YALIY--
TEMPERATURE ove mcomﬂm
eeV DETONATION
IGNITION

TIME

fl vhe o
MAAT .
YA %

MLO f an/itad

EBW (EXPLODING BRIDGEWIRE) EVOLVED

ol X oo
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"

s




=

QUIAISSVION

211

REFERENCES

« AN INTRODUCTION TO NUCLEAR WEAPONS:
WASH 1037 REVISED; GLASSTONE, JUNE 1972

* PROPERTIES OF CHEMICAL mx_u_.Om_<mm AND
EXPLOSIVE SIMULANTS; LLL JULY 31, 1974,
DOBRATZ UCRL - 51319, REV 1

* SENSITIVITY OF INITIATION-SYSTEM DETONATORS:
REVIEW OF CURRENT AND ADVANCED TECHNOLOGIES:
R. E. SETCHELL; SAND91-1590




216

REFERENCES

« AN INTRODUCTION TO NUCLEAR WEAPONS;
WASH 1037 REVISED, GLASSTONE, JUNE 1972

~ +SOURCE BOOK ON ATOMIC ENERGY: |
B - GLASSTONE, 3rd EDITION

-
<2 +NUCLEAR TEST SUMMARY TRINITY — HARDTACK
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MMSC Demilitarization/Sanitization

Part Nomenclature Demilitarization Sanitization Render Safe Method
Actuators/Squibs Yes No/Yes Yas Fire or explosive disposal
. . (Some Use Control items
: . may require sanitization)
Connectors No No/Yes No None (Unless Rad
hardening potting used,
. then sanitization required)
Detonators and Cable Yes Yes Yes Fire - Shred cable/crush
o] Assemblies header or explosive
Cq disposal (protect # Info)
W. Foams, cushions, No No/Yes No None (Shred, melt, or burn
3 compression pads, If show classlfied contours
D desiccants, plastics, etc. or shock mitigation Info.)
L Mechanical Hardware (O- No No No None (Part ldentifler
V rings, brackets, bolts, removed If assoclation
N cover plates, rings, etc. makes classified)
D) Neutron Generator, Yes Yes Yes Crush (Remove rad tube?)
‘ S Electronic
Tﬁu Neutron Generator, Yes Yes Yeos Fire (mixed waste) or timer
po— Explosive driver to explosive
@”Q disposal/tube to rad waste
Q Reservoir Yes Yes Yes Bury (Remove rad materiai
% if appropriate)
Thermal Battery Yeas No Yes Fire
Timers No No No/Yes None (Fire/Remove
) explosives If appropriate)
Use Control, PAL, CD Yes Yes Expend, crush, shred, bury

Hardware

Yeas

as approprlate

333
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U. S. NUCLEAR DEPLOYMENTS CHANGED

e —

AEC Custody of Fissile Capsules
i :

1945 1953 1959

DoD Custody of Fisslle Material
SR . |
1953

Capsules Separated From Weapon
Assemblies in Peacetime

S C ._
«Zq 1945 1954
mM. . Some Capsules In IFis on Ground Alert
b= C J
A2 |
A 1954 1967
i |
- | :
(] Sealed Pit Weapons on Alert
t [ -

1957




Manually Inserted Capsules
1948 - 1951

- Safety Theme: Separation
of fissile material and HE

High-explosive shell

Analysis: Accident must
assemble weapon
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._smn:m:_nm__< Inserted
Capsules

1952 - 1967

Motor-driven screw

Part of shell

«Safety Theme: Separation Analysis: Accident could
of fissile material and HE assemble weapon by

and electrical isolation operating motor or by
| mechanical damage
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